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Our alumni article this issue is by Mr. W. H.
Burr, of the Class of 1905. Mr. Burr is with the
Westinghouse Electric and Manufacturing Company in the erection department, and gives us a
very interesting account of the work encountered
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We are indebted this month to Professor
Wagner for our leading article, on "Costs of
Railroad Transportation." The article, which is
a copy of an address delivered before the Terre
Haute Science Club, will be found extremely
interesting to all who are interested in the railway
proposition.

*

*

Owing to an omission in a recent issue failure
was made to mention the election of the Modulus
Staff in the Sophomore Class.
The Sophomores have selected Erich A. Mees
as their editor-in-chief, and Henry W. Ker as
business manager, and Wilbur E. Shook as artist.
We feel certain that the class has followed a wise
plan in merely electing these men and in allowing
them to select their own assistants, as this plan is
sure to produce better results than when a class
elects the entire staff.
Judging from the work of Mr. Mees on THE
TECHNIC, we have no doubts as to the success of
the editorial side of the next Modulus. Mr. Ker
is as yet without experience on college papers,
but we believe that he will be able to take care
of the business end in a capable manner. Mr.
Shook's ability is well known to every one, as his
work on the last Modulus will show.

I
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COSTS OF RAILROAD TRANSPORTATION
BY PROF. F. C. WAGNZR.

In view of the present tendency toward the
government control of railroads by fixing freight
rates and passenger fares, it is a matter of great
importance to determine what are the actual and
the legitimate costs of transportation by railroads.
A prime element in the cost of transportation is
the first cost of the properties used in the business of transportation. It is well known that the
'capitalization of a railroad is no true measure
either of its first cost or of the present value of
its tangible property.
The Census reports on railways and the
reports of the Interstate Commerce Commission
deal only with the present value of the railroads,
the most reliable estimates of which are based on
earning power. Since a large share of railroad
business is non-competitive, the earning power of
a railroad depends more upon what the traffic
will bear than upon the cost of the service 'rendered.
Two attempts have been made, however, to
secure an accurate valuation of railroad properties within a State. The first was made by Michigan in 1900, and the second in 1903 by Wisconsin. These valuations were made to provide data
for taxing the railroads on an ad valorem basis.
Fortunately, the work was entrusted to disinterested experts, in Michigan to Prof. M. E. Cooley,
of the University of Michigan, and in Wisconsin
to Prof. W. D. Taylor, of the University of
Wisconsin.
The Wisconsin investigation followed quite
closely the methods adopted in Michigan, and as
a consequence the results may be compared with

a great deal of confidence. In Michigan, in addition to the valuation of the physical properties,
the non-physical properties were also valued, but
separately.
The methods adopted will appear from the following extract from Professor Cooley's report:
"A careful consideration of the different methods
of appraising corporate properties led to the selection
of the plan of finding, first, the cost of reproduction,
rebuilding, or reacquiring the several elements entering
into and constituting the property as a whole, assuming
the location and the conditions governing such cost as
they exist to-day; and, second, to affect such of the
elements as can wear or depreciate with use, by percentage factors representing the present condition as found
by actual inspection in the field, the value of a new
element being considered too per cent. The first of the
values will be referred to as the 'cost of reproduction'
and the second as the 'present value,' in both cases of
the physical properties only.
"Viewed from the engineer's standpoint, the advantage of this plan will be speedily recognized. Aside from
the financiering, the building of a railroad is largely an
engineer's problem. The natural and simple course was,
therefore, to proceed in the same manner as if a new
road were projected in the exact location of the present
road, and compute the cost of building and equipping
this road to the extent already existing, everything being
new, and then fix other values representing the actual
or present condition of those elements subject to change
with time.
"The plan of organization of the work was as follows: Experienced men were selected to act as chief
inspectors in charge of the more important divisions of
the work. To these men fell the task of directing operations in the field and in the office. They were in constant touch with all men serving in their respective
divisions."
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The items were classified under thirty-seven
headings,) and are given in Table I.
A number of questions arose in working out
the proper assignment of costs. Many of the
roads operated also outside of the State, so that
it was necessary to determine.what proportion of
their rolling stock was to be assigned to Michigan. The method adopted was to proportion the
rolling stock according to the car mileage when
the needed information could be obtained, and
according •to the main track mileage when it
could not.
Another question involving considerable
ground for difference of opinion was with regard
to the cost of the right of way. On this point
the report states as follows:
"The conclusion finally reached was to add to the
value of the right of way, as determined by contiguous
property, an amount fairly representing the additional
cost to the railroad. A very careful examination was
made of the records on file at the county seats and elsewhere, showing the transfer of a large number of pieces
of property, both to railroads and to other purchasers.
As a result of this examination throughout the State
it was found that the actual price paid by the railroad
was from Too to 125 per cent. in excess of the value as
determined by adjacent property."

non-physical properties are precarious, and are
likely to be impaired by legislative action in fixing
rates. It is to be kept in mind that the valuation
of the railroads being made was for purposes of
taxation.
The valuation in Wisconsin was made by asking the railroads to furnish the costs and present value of their physical properties according
to a uniform classification provided by the Commission. Then the experts of the Commission
checked over the figures furnished by the railroads and decided upon the values finally adopted.
Prof. J. G. D. Mack, an alumnus of Rose.
had charge of the valuation of the mechanical
properties.
No attempt was made to value the non-physical properties of the Wisconsin railroads.
Both the cost of reproduction and the present
value are given in the reports of both Commissions. Table I reproduces the figures for the
present value:
TABLE I.
Main track
Second track
Branches
Spurs and sidings

Michigan. Wisconsin.
6,279
7.082
165
335
377
731
2,279
2,905

The value of the non-physical properties of
PRESENT VALUE OF PHYSICAL PROPERTIES.
the railroads was determined by Prof. H. C.
$6,253,188
I. Engineering
$5,386,772
Adams, statistician of the Interstate Commerce
2. Right of way and station
Commission.
24,755,592
grounds
27,745,313
The method adopted by him was to determine
863,337
3. Real estate
the net income of the road after paying oper- 4. Grading
21,693,024
33,932,823
ating expenses and taxes, and after subtracting 5. Tunnels
780,273
093,445
1,
from this a proper amount for the earnings of 6. Bridges, trestles and cul[1,61 7,453
6,337819
verts
the investment in physical properties, to capitalize
5,266,832
6,148,748
Ties
7.
the remainder as the value of the non-physical
19,772,133
21,865,994
8. Rails
properties.
2,883,306
2,987,982
9. Track fastenings
The rate of earnings upon the physical prop- 10. Frogs, switches and cross1,040,120
erties after payment of taxes was taken at 4 per
645,523
ings
3,506,487
Ballast
3,723,558
cent. The rate at which the balance of the net
2,975,557
income was capitalized was taken at 7 per cent., 12. Track laying and surfacing 6,400,972
720,716
][,627,790
13. Fencing
which includes an allowance of I per cent. for
14. Crossings, cattle guards
taxes. Professor Adams defends the allow199,929
and signs
428,474
ance of a net proceeds of 6 per cent. from the 15. Interlocking and signal ap263,959
paratus
448686
non-physical properties on the ground that these
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mile, we have as the best obtainable value per
mile of railroads in this country, $23,5oo. This
includes everything used in the transportation
business and is the actual investment. While it
is true that the costs per mile probably differ in
the different States, yet it seems probable that the
average of two States situated as are Michigan
and Wisconsin will not differ greatly from the
average for the entire country.
In bulletin 21, Bureau of the Census upon
the Commercial Valuation of Railway Operating
Property in the United States, 1904, is given a
valuation per mile of line of all the railroads in
the United States.
This valuation does not include Pullman cars
or private cars. The physical value of the Pullman cars was $51,000,000 and of private cars
$72,000,000. The earnings could not be ascertained, the Pullman Company refusing to furnish
the information.
The value of terminal properties, ferries,
bridges and the like, used but not owned by railway corporations, is included in the valuation of
the railways. On the other hand, property owned
Total
$166,398,156
by railway corporations but not used in the busiValue of non-physical
ness of transportation is excluded from the value
properties
35,814,043
of railway property as given, even though such
property is the source of a net income to the
Total
$202,212,199
railway.
36. Freight on construction
The commercial value of all railway-operating
material
$1,280,883
property
in the United States for the year 1904
37. Stores and supplies
474,829
2,760,749
is given as $i 1,244,852,000.
Total
$169,758,518
The following extracts from the bulletin explain the method of valuation:
The cost of reproduction for the Michigan
"The value of railway property submitted in this
railroads is given as $2o2,716,000, and for the
report was arrived at by capitalizing the net earnings of
Wisconsin railroads as $2o5,765,000.
individual railways and railway systems.
Reducing the costs to a track mileage basis,
"The process of valuation through the capitalization
including main track and branches, but excluding of income involves two fundamental questions: First,
second track and sidings in the total mileage, we what is the income to be capitalized? Second, how is
the rate of capitalization to be determined?
obtain the following costs per mile:

llichigan. Wisconsin.
16. Telegraph and telephones
$134,797
$69,598
17. Station buildings and fixtures
3,111,103
2,241,234
18. Shops, roundhouses and
turn tables
1,467,569
2,036,338
19. Shop machinery and tools.
882,634
941,538
20. Water stations
522,135
686,407
21. Fuel stations
201,461
233,963
22. Grain elevators
1,009,043
671,043
23. Warehouses
183,910
185,889
24. Docks and wharves
3,831,934
1,313 380
25. Miscellaneous structures
1,430,200
856,253
26. Locomotives
5,092,053
5,862,559
27. Passenger equipment
2,277,271
2,888,008
28. Freight equipment
13,690,587
15,867.434
29. Miscellaneous equipment
289,069
423,689
30. Terminals
31. Ferries and steamships... 1,095,500
32. Electric plants
46,771
89,898
33. Legal expenses
673,349
34. Interest
5,290,549
17,439,734
35. Miscellaneous expenses—
Organization, 1.5 per
cent
2,645,277
Contingencies, 10 per
cent
15,127,110

Cost of reproduction per mile
Present value per mile

Michigan. Wisconsin.
$26,100
$30,900
21,500
25,500

Taking the average of the present values per

"Inasmuch as the value to be obtained is the commercial value of property used in transportation by rail,
it is evident that the income to be capitalized should be
confined to operating income. Fortunately, this phrase
has a definite meaning in railway accounting, and the
deviations in practice from the established rules respect-
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ing operating income are not sufficiently numerous to
cast reasonable doubt upon the gross figures annually
reported to the Interstate Commerce Commission."

The method adopted in determining the operating income was as follows: From the reported
operating expenses, the amount spent for permanent improvements was deducted. The true
operating expense thus obtained was subtracted
from the gross earnings to obtain the true net
earnings from operation. The amount paid for
taxes was then subtracted, and the remainder
taken as the true profit from operation. These
calculations were made covering a period of five
years immediately preceding 1904. Corrections
were made to correspond with the amount of
mileage in use during each year.
The rate of capitalization was determined by
a careful consideration of the market value of
the securities representing the railroad properties for a period of twenty-seven weeks prior to
July I, 1904. The rate obtained was 4.256 per
cent.
The results of the valuation for a number of
States are given in Table II.
TABLE II.
STATE

Alabama
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Idaho
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi

Average value
per mile of track
on June 30, 1904.

$32,2o0
30,200
56,000
39,800
103,500
51,500
22,600
24,800

62,900
69,300
54,300
35,000
40,400
47,900
31,600
39,600
93,100
118,00)
32,100
59,800
31,000

Per cent.
execute
over $15,500.

37
29
138
70
340
119
-3
5
167
195
131
49
72
104
34
68
297
404
37
154
32

STA 7'E

Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey
New York
North Carolina
North Dakota
Ohio
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
Alaska
Arizona
District of Columbia
Indian Territory
New Mexico
Oklahoma
Entire United States
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Average value
per mile of track
on June 30. 1904.

$40,200
6o,roo
45,200
44,300
62,500
146,400
108,300
27,800
38,700
75,000
43,600

Per cent.
excess
over $23,500.

72
155
93
89
165
523
361
18
65
220

121,400
23,800
16 300
37,700

85
449
417
1
-29
6o

20,100

-10

50,800
35,100
53,700
54,500
71,000
40,400
80,400
3,600
39,000
174,300
31,400
34,500
30,100
52,600

115
50
128
131

128,900

202

73
243
-85
67
6..t2
34
47
28
123

These figures, with the exception of the last
column, are taken from the Bulletin. In the last
column I have added the amount which the valuation is in excess of $23,5oo expressed as a
percentage.
From this table an idea can be obtained as to
the amount of the profits of railroad operation in
the different States. Since the valuations given
were made by capitalizing the profits at
at Ioo
45/4 per cent., a railroad which is valued
85/2
earns
investment
actual
the
per cent. above
inspecAn
.
investment
actual
per cent. on the
tion of the table shows that in only three States
or Territories are the net earnings less than 4 per
cent. on the probable actual investment. These
are South Dakota, Texas, and Alaska. In all
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the other States and Territories the net earnings
exceed 4 per cent. on an investment of $23,500
per mile. In New Jersey, for example, the average profits on this basis are 26.4 per cent.; in
Indiana, 9.8 per cent. The average profit figured
in this way for all the railroads in the United
States would be 9.5 per cent.
A condensed statement of the gross and net
earnings per mile of line of all the railroads of
the United States for nine years, from 1897 to
1905, is given in the report of the Interstate
Commerce Commission for 1905, and has been
reproduced in Table III. The last line of figures
has been added to show what percentage the
net operating income per mile is of the prob-

able actual investment per mile. These figures do
not agree with the 9.5 per cent. calculated above,
.since certain deductions were made from the net
operating income in determining the income to be
capitalized.
The table shows that the net earnings are
about one-third of the gross earnings. Consequently, a reduction of 33 1-3 per cent. in the
charges for transportation would allow nothing
for interest upon the investment unless it produced a change in the proportion of operating
expenses to gross earnings. A reduction of 16 2-3
per cent. in transportation charges would permit
a payment of 472 per cent. interest on an investment of $23,5oo.

TABLE

Year.
Gross earnings
Operating expenses
Income from operating
Per cent. on $23,500

III.

EARNINGS PER MILE OF
1905. 1004. 1903. 1902.
$9,666 $9,306 $9,258 $8,625
6,451 6,308 6,125 5,577
3 215 2,998 3,133 3,048
13.7
12.7
13.3
13.0

LINE.
1901. 1900. 1899. 1898. 1897.
'n,I23 $7,722 $7,005 $6,755 $6,122
5,269 4,993 4,570 4,430 4,106
2,854 2,729 2,435 2,325 2,016
12.1
II.6
10.3
8.6
9.8
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CONSTRUCTION WORK
W. H. BURR, '05.

No doubt many who read THE TECHNIC are with the building, assembling and operating charmore familiar with this work than the writer. acteristics of the apparatus manufactured by the
However, for the benefit of the fellows at Rose. company which he is to represent. The ability
who may be thinking of taking up an apprentice- to use machine tools as well as to be able to tell
ship course and perhaps later entering this work, a good job by sight and make an estimate of the
I will attempt to outline some of the qualifica- time required to do this work, should be acquired
tions of a road engineer, and give, in a general before leaving the shops. System is as essential
way, a description of the work in the Erecting in this work as in any other, for an accurate
Department of the Westinghouse Electric and account must be kept of shipments received, also
a complete record of time and expense in conManufacturing Company.
nection with the work, which is reported regshort
time
It has been but a comparatively
that technical men have been doing any great ularly to the District Office from which the
amount of road work, the most of this work engineer is detailed.
As one writer has so aptly put it, the three
having been done by practical men. Since the
establishment of apprenticeship courses in many essential qualities which a road man must possess,
of the electrical manufacturing companies, this in order to be successful, are:
First. Perseverance—this will in time, as in
department has been supplied, to a large extent,
else, bring all needful special knowleverything
with technical men. In fact, there seems to be
a strong desire among the technical apprentices edge.
Second. Ingenuity—the ability to apply into get into construction work.
If one has any intention of following this formation acquired in times of emergency.
Third. Tact—the ability to get along with
branch of engineering, he should spend as much
of his time as possible in the shops during his people, from the workman to the manager. This
apprenticeship course in order to become familiar may be inborn, but can be cultivated to a certain
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extent, and the best-equipped engineer will fail
if he does not possess the above.
During the winter . months section meetings
are held in the Westinghouse Electric and Manufacturing Company's Electric Club Rooms. One
of these, which is called the Road Section, devotes one evening every two weeks to road work.

order to know what can be expected of it. The
ability to take in the situation both as to the
lay-out of the plant and the nature of the trouble,
as well as to be able to keep your head when
things go wrong, is of tin utmost importance in
this work. Almost invariably one finds, upon
arriving at the scene of trouble, some of the

WILMINGTON LIGHT, POWER AND TELEPHONE COMPANY.
I—Ipoo K. W.; I-5w K. W.
These have proven very helpful to the fellows,
as the meetings are usually in charge of some
one who has had experience on the road and can
explain the work to the very best advantage.
The work which falls to the apprentice, when
he first enters the Erecting Department, usually
consists of locating trouble. In many cases this
requires not only a knowledge of testing, but also
a knowledge of the design of the apparatus in

officials of the company and a number of \\ .)rkmen waiting, fully expecting you to make one
pass and have everything operating satisfactorily.
At first this is very annoying, for it quite frequently happens that this particular piece of
apparatus is a new design which you ma). never
have seen before but this embarrassment wears
off in the course of time, and there seems to be a
certain fascination to the work, as it is constantly
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something new. This variety of work gives one
an opportunity of meeting not only the different
workmen, but superintendents and engineers of
the different companies, and of observing the
systems used, enabling one to draw his own conclusions as to the best methods employed.
At the present time, there seems to be a ten-
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by the Sales Department for services usually
read, "charges to be determined," which you
readily see makes it necessary for you to decide
who is responsible for the trouble, and in case
it is chargeable to the company which you represent, you will no doubt be called upon to state
whether it is defective design, defective work-

PUBLIC SERVICE CORPORATION'S POWER STATION, CAMDEN, N. J.

dency to specialize in this line, as in every other,
and electric companies are developing men to
take care of trouble on meters, others on regulators, rectifiers, arc lamps, etc. It often happens, however, that one man is called upon to do
repair work and make adjustments on all of this
apparatus, which gives him a practical knowledge
of the operation of this equipment.
In connection with the trouble work, one must
not lose sight of the fact that the orders issued

manship, or defective material. On the other
hand, if it is chargeable to the customer, he may
in turn bring charges against the contractor who
installed the equipment. It is customary to
secure a letter from the customer covering the
investigation and work done in order to prevent
any question when settlement is made.
If one has any desire to study social conditions of people in different sections of the country, no better opportunity can be afforded than
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in the Erecting Department. One of the fellows
in this office declares that while working in a
certain section where they speak Pennsylvania
Dutch, he heard the head of a certain household
tell one of the younger members of the family to
"throw the cow over the fence some hay."
When a man has demonstrated his ability to
handle trouble work, he is usually given some
small construction job, or perhaps he may have
to be pressed into service on such work as soon
as he enters the department, for work always
comes in bunches, and every available man is
then used, no matter if it is not exactly in his

tice. While no exceptionally large equipment has
been handled by this office recently, we have installed three 6,000 K. W. turbo generators for
the Philadelphia Rapid Transit Company, to be
used in connection with the Subway and Elevate-I
Systems. These units were built on the foundations, as they were too large for transportation.
The turbine furnished with the last unit is of
the Westinghouse double-How type, recently developed by the Westinghouse Machine Company.
The principal advantage which they claim for this
type is, as the name signifies, the passage of
steam in both directions, thus affording two ex-

-•••

_
YORK HANOVF,R SINGI,E-PHASE LINE.

line. At present, most of the work is being
handled in such a way that the engineer is detailed from the Erecting Department simply to
superintend the installation, some local contractor, or perhaps the customer, furnishing all
the rough labor.
To give an idea as to the variety of work and
the opportunities offered for broadening one's
education, note that in the past two years work
has been handled through the office in which the
writer is employed, in power plants driven by
reciprocating engines, steam turbines, water turbines, pelton wheels, gas engines and oil engines.
In one of these gas-engine plants are four 500
horse-power engines, which, when they all start
to back fire, reminds one of heavy artillery prac-

haust ports, reducing the size of the unit materially, which in turn permits of much higher speed.
This 6,0oo K. W. unit is designed for 1,500
R. P. M. 'As this was one of the first units
installed, extensive tests were conducted both as
to efficiency and overload capacity. An attempt
was made to carry to,000 K. W. for one hour,
but, owing to the variation of load, the integrating watt meter registered only 9,700 K. W.
at the end of the run, the peak load reaching as
high as 10,50o K. W.
Another interesting installation is the Hanover-York single-phase line, which operates on
direct current inside the city limits of York and
on 6,600 volts alternating current over the rest
of the line. The accompanying photograph
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shows a two-car train as it appears when
operating on 6,600 volts.
The photograph of the interior of the power
station of the Wilmington Light, Power and.
Telephone Company shows i,000 K. W. 2,200
volt unit in the foreground and a 500 K. \V. unit
with the switchboard on the left. \\ hile this
plant was being installed, a lineman for a local
telephone company accidentally dropped a telephone wire on the high-tension feeder, and was
instantly killed. The other photograph is one of
the Public Service Corporation's power station in
Camden. N. J. This equipment consists of three
1,000 K. W. turbo generators with three 5oo
K. W. railway units in the background.
It is customary in this district to send in a
report daily of the condition and progress of the
work to the district office, from which the district
engineer makes up his report to the Superintendent of Erection. A glance over these reports is
one of the best proofs that, for broadening one's
knowledge of electrical engineering and of the
methods employed in the different manufacturing
establishments at the present time, the road engineer has an opportunity offered in but few other
departments of engineering work.

ALUMNI NOTES.
Mr. Roy Thurman, 'o6, has been transferred
from Schenectady to the Boston, Mass., office of
the General Electric Company.
*

*

*

Mr. H. G. Kiefer, '05, recently with the Kentucky Electric Company of Louisville, as Assistant Engineer, is now with the Fuel Engineering
Company of Chicago.
*

*

*

a "Pittsburgh Six" Machine. From reports received, we can heartily congratulate Mr. Paige
on his wonderful success in competing with the
best machines on the market.
* * * *
Owing to some oversight on the part of the
Alumni editor, the following notice of partnership was omitted from a previous issue of THE
TECHNIC:
W. ROBERT PAIGE
and
ORION L. STOCK
ENGINEERS
Municipal, Consulting
Mining,
Civil,
Mr. Paige is of the class of 1891 and Mr.
Stock is of the class last graduated-1908. They
have offices in The Arcade, i 16 South Sixth
Street, Room 109, Terre Haute, Ind. The firm
has enjoyed very prosperous times throughout
the general depression, and has considerable work
waiting for the break-up of winter conditions.
They have the sewering and grading system of
1\farshall, Ill., under way at the present time.
*
Mr. J. N. Ross, '04, with the Westinghouse
Manufacturing Company, has been heard from
as having been very ill for about three months at
Hot Springs, Va. The latest reports were that
he would return to New York City early in
March.
*

*

*

Mr. E. H. McFarland, '04, visited Poly on
February 19th, and delivered an exceedingly interesting and instructive lecture on steam turbine
work, supplemented by lantern slides. Mr. McFarland is District Turbine Engineer for the
General Electric Company, with headquarters in
Cincinnati, and having charge in Ohio, Southern
Indiana, Kentucky and Tennessee territory.

Mr. A. J. Paige, '02, was in Terre Haute,
* * *
February 14th, 15th and i6th, on his way back
A recent letter from Mr. H. G. Kilbourne,
to Pittsburgh. Mr. Paige had been attending the
exhibiting
days,
'94, shows that he is no longer with L. A. Becker
"Auto Show" in Chicago for ten

i6o
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Company, but is in business for himself, with
offices in New York and Boston, under the title
of Kilbourne-McCrary Engineering Company,
Consulting Engineers, Ice and Refrigerator Machinery, Soda Fountains, 426 East Twenty-third
Street, New York.
* * *
During February 19th, 20th and 21st the following graduates and ex-graduates were in Terre
Haute on a visit to the school and a fraternity
affair:
E. H. McFarland, '04, mentioned above.
C. B. Falley, ex-'o5, now Assistant Superintendent and Trainmaster on C. & E. I. Ry. at
Salem, Ill.
J. S. McBride, '05, Assistant Division Engineer, C. & E. I. Ry., with headquarters in
Salem, Ill.
W. S. Hanley, '05, Chief Draughtsman, C. &
E. I. Ry., Chicago office, in Postal Telegraph
Building.
W. R. Peck, 'o6, of the firm Goble & Peck,
Engineers, at Big Stone Gap, W. Va., is home in
Terre Haute on a two weeks' vacation.
E. D. Kieley, ex-'07, Purchasing Agent for
all fourteen stores of the R. K. Kiely Sons Hardware Company, headquarters in California, Mo.
H. H. Orr, '07, of the Signal Department,
C. & E. I. Ry., Chicago office.
A. J. Barthels, ex-'1o, of the Cotton Belt
Railway, St. Louis office, revising rates. The
"Count" has been working for a change, and
looks well.

Mr. C. J. Larson, 1900, recently with the
Allis-Chalmers Company, of their New York
office, is now with the Union Electric Company,
Dubuque, Iowa. Apparently the company is one
of railway, light and power from the authority
this notice is made.
* * * *
Mr. A. G. Shaver, '97, formerly Signal Engineer of the Hall Signal Company, is back in railroad service as Signal Engineer of the Rock
Island System, with his office in Chicago.
*

*

*

Mr. John F. Robbins, '08, is working in the
Signal Department of the Vandalia Railroad,
covering the territory between Indianapolis and
St. Louis.
* * *
Born to
Mr. and Mrs. G. Harry Clay,
on March 7th, a daughter,
Kansas City, Kan.
Mr. Clay is of the Class of 1901. Congratulations.
*

*

*

We are advised by Mr. F. R. Fishback, '02,
with the Electric Controller and Manufacturing
Company, that he has been transferred from
Cleveland to take charge of the New York City
office as manager. THE TECHNIC takes this opportunity to congratulate Mr. Fishback on his
promotion, in which we feel sure all his friends
concur. His new address is 50 Church Street,
New York City.
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CABLE TESTING IN MODERN TELEPHONE PLANTS
F. H. KORNFF,LD, 1912.

Telephone companies and other corporations layers, each succeeding layer traveling around the
in the last few years have been compelled by core, or middle five pairs in a direction opposite
legislation, as well as by motives of economy, to to that of the layer preceding. No two pairs in
cable their lines, and in many cases to put them the same layer have the same number of twists
under ground. This has happened not only in per foot of cable, thus making an ideal transposithe busier sections of the large cities, but in the tion scheme of the talking circuits.
Lead-covered aerial cable, however, has many
suburbs and many small country towns.
These cables vary greatly, depending upon enemies. Lightning, high-tension wires, the boy
the purpose for which they are used. It is with the rifle shooting at a bird resting upon the
usually the material used for insulation and the cable, and vibration, cause the lead to crystallize
size of copper wire that varies. Power com- or crack in many places. These cracks are so
panies, for underground work, use paper and minute that the soot or (lust renders them inrubber insulated wires, the whole being covered visible, but not impervious to the moisture which
with an alloy sheath, made of lead containing ruins a paper-insulated cable. An extreme exfrom one to four per cent, of tin. Telegraph ample of trouble caused by crystallization of the
companies use a cable with the conductors in- sheath occurred in Louisville, Ky., where the
sulated from each other and the weather by rub- telephone company had a cable crossing the Ohio
ber tape, and a cloth tape impregnated with rub- River, fastened to the top lateral bracing of the
ber, then dipped into a water-proofing compound. Kentucky and Indiana Bridge. The vibrations
The cables used by the telephone companies are due to the many trains continually passing caused
lead covered, and contain from five pairs to four trouble to appear in all parts of the cable simulhundred pairs of wires, each wire insulated with taneously, or nearly so. To remedy the trouble
two paper wrappings. The two wires forming a they replaced the lead-covered cable with a rubin
pair are twisted, and these pairs form concentric ber-insulated cable, the pairs being arranged
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much the same way as in an ordinary telephone
cable.
Underground ci'bles suffer frp.m enemies as
relentless, perhaps, as those whigl attack aerial
cable. Electrolysis, as is well known, causes
much damage to all metallic underground structures, and lead, being peculiarly sensitive to electrolytic action, the destruction of cable sheaths
and lead water pipes is probably the most noticeable effect of this action. Careless workmen

rl

from ten to three hundred megohms. To guard
against the danger of burning the coil a shunt is
used until a value is found which is very close to
the actual resistance of the circuit. Two arrangements of the elements of the Wheatstone bridge
which are most commonly used are what are
called the Murray and Varley "loop" methods.
In both methods, when testing to find the resistance of the wire to the fault, the battery is
grounded, thus eliminating the probable error of

1.

Fig 2.
digging in the streets above a conduit sometimes
strike it a hard blow, smash in the duct and pierce
the sheath of the cable inside. Rats have been
known to gnaw throne' the sheath when imprisoned in the higher part of the duct between
two flooded manholes.
To find the "grounds" and "crosses" caused
by the various agencies which destroy the sheath,
recourse is had to the Wheatstone bridge with a
galvanometer sensitive enough to give an appreciable deflection when a very small current passes
through its coil. The galvanometer usually used
is of the D'Arsonval type, having a "sensibility"

a high resistance in the fault, as would be the
case if an attempt were made to get a measurement, directly, through two crossed wires, or
from the wire to the ground. A conductor free
from leakage is attached to the grounded or
crossed wire at the distant end of the cable. This
"good" wire is necessary when testing by either
of these methods. The conductor resistance of
the circuit or loop formed by the good and faulty
wires is measured.
The connections of the bridge for measuring
the conductor resistance of the faulty wire to the
ground by the Varley method are made by
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grounding the battery pole which was connected
to the variable resistance, and leaving all other
connections as they were, excepting that the
faulty wire, if not already so, must be connected
to the terminal just vacated by the battery wire.
Reference to Fig. I will show the ratios of this
new Wheatstone bridge.
By denoting the fixed ratio arm values by
A and B, the variable resistance by R,.the resistance to the fault by F, and the resistance of the
R F _A
loop by L, this proportion results:
L — F = B'
from which we get F equal to AL—BR
A +B
Reference to Fig. 2 will show that in the
Murray loop method the variable resistance is
one of the ratio arms, and the galvanometer connection is changed, so that this proportion holds
good: - =
from which we get F equal to
B L--F
RL
B+R
Should the faulty conductor be "crossed"
with another conductor, the battery is not
grounded, but connected to this last conductor.
It sometimes happens that there are no conductors in a cable free of leakage; a pair of wires
is strung to be used temporarily as a test wire,
and all three wires, the faulty wire and the two
forming the clear pair, are connected in the terminal. By adding the resistances of the three
loops so formed, dividing this result by two, and
from that result subtracting the resistance of the
circuit formed by the wires of the good pair, this
last result is the resistance of the faulty conductor from the office to the terminal. Then by
measuring the resistance to the fault by either
the Varley or Murray method, and dividing this
value by the resistance of the faulty wire, and
multiplying by the length of the cable in feet, the
distance from the office to the fault is found.
This method of arriving at the location of the
fault is probably the most accurate, as the number
of feet of cable per ohm resistance is never uni-

163

form, unless in splicing the cable care is taken
that corresponding pairs in both sections are
spliftd together.
The location of an open or broken wire is
found by direct comparison of the electrostatic
capacity of the open wire to the capacity of its
mate, or the electrostatic capacity of each end is
measured, and these values added, to find the
"length" of the cable expressed in microfarads.
The capacity of one end of the open wire divided
by the sum of the capacities of both ends is the
ratio of the length of cable to the break. If a
,galvanometer is used when measuring the electrostatic capacity of a conductor, one with a sensibility of 750 megohms should be used. If using
a telephone receiver, a pulsating current with a
difference of potential of about ioo volts should
be used. This is necessary because the electrostatic capacity of a conductor is sometimes as low
as .065 mfds. per mile, and the capacity of an open
wire ioo feet long would be small. When measuring the electrostatic capacity of a conductor in
a cable, all other conductors, including the mate
to the one being measured, should be connected
to the sheath, which is always grounded. This is
only possible when there are no "working" pairs
in a cable, but if all the "dead" pairs are
grounded the conditions appear to be the same.
This is explained in the case of the Central
Energy plant by the fact that one conductor of
the working pair is connected through a resistance to the grounded side of the central storage
cells, the other conductor being connected to the
live side of the battery through the resistance of
the signaling apparatus.
As the efficiency of a cable to a large extent
depends upon the insulation resistance of the conductors, it is of the highest importance that the
cable should be the best it is advisable to use
under the existing circumstances. Some engineers specify that the insulation resistance of a
conductor measured against all others, and the
sheath grounded, shall not be less than 3,000
megohms per mile in the factory and 500 megohms per mile in position, spliced, and connected
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to terminals. Most companies, however, specify
300 megohms per mile instead of 500 megohms
as representing a fair efficiency and least cost of
installation. As dirty terminals may lower the
resistance to ioo megohms, it is almost impossible
to maintain a high state of insulation without
greatly increasing maintenance charges.
Until about five or ten years ago many large
telephone companies used these instruments only

for an expedient method for finding trouble, contenting themselves with a voltmeter and a
grounded battery for testing for low insulation
resistance, and taking it for granted that the
cable manufacturer had not installed inferior
cable. But now most companies have at least a
portable testing set, and some have arranged a
laboratory or so-called "galvanometer room"
containing the best laboratory instruments.

FATE, FOR HIM
Carlton was homesick. He was sick of the Angeles. But that which gave him the keenest
long, gray, flat reaches, bordered with the sharp satisfaction, and which added a singular zest to
rocky buttes; sick of the glaring white patches of his daily tasks was the knowledge that he, though
alkali; sick of the everlasting, maddening heat- a mere boy, was paying back in full the debt
shimmer, and sick of the unending view of dull which he owed to the land of his birth—the debt
sage and giant cacti. This was not his West, the of strong muscles and steady brain, of fine nerves
West he loved. These were not the balmy days and broad, keen perceptions; the debt of health
and refreshing nights in which he delighted. unbounded and happiness without a flaw. There
Nor were these ghastly flats his own brown hills. was also something else which made his work in
He longed for the refreshing greens of the or- these first months a pleasure. This was his chief,
chard land. His hot brow craved the cool night a big, brown son of the West—a born leader of
winds fresh and aromatic with the smell of good- men. Carlton was devoted to him. It was the
tilled earth and faintly redolent at times with the same blind, zealous, unreasoning devotion that
salt spice of the sea. But, above all, he yearned the savage pays his carven fetish; except that
for the life of civilization instead of vast brood- Carlton only showed his true feelings by his coning silences, and an interminable succession of strained manner in the presence of the man he
nights and days as like to one another as the idolized.
white and black keys of a piano.
Now, however, all was different. He was as
When Carlton had first gone out from college devoted as ever to his chief, but the work had lost
to work on the Owen's River aqueduct he was its charm. He did not seek the tasks as he had
overflowing with the tremendous enthusiasm of before. He did only those duties to which he
youth. The stupendous undertaking possessed was assigned, and those in a perfunctory manner,
for him a certain fascination, a subtle poetry, as never slipshod, it is true, but never up to the
it were. It represented to him the vast artery high standard which he had set for himself in
which was to convey life and promise unbounded the beginning. The long horseback rides from
to the dormant land. It meant the still greater camp to camp were now distasteful to him. The
growth and expansion of his native city—his Los dust was usually much too heavy for any con-
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versation, and, as each horseman rode with a
bandana covering his mouth and nose and tied at
the back of his head to keep the dust from his
nostrils, all attempts at chatting were effectually
barred. It was on these long, hot, thirsty rides
that Carlton's nerves were tried to the utmost.
If his pony stumbled, he would start from his
reverie and curse the faithful little mount; if
the dust from the hoofs ahead made his nose
tickle and itch, he would become so angry that it
seemed as if only screaming would relieve his
feelings. And then the distorting, flickering heatshimmer and the blinding glare of the noonday
sun increased these symptoms until he wished
from his very soul that he had never seen the
desert, and he cursed the aqueduct and its
founder.
It was after one of these weary rides. The
long, blue, tongue-like shadows of the serrated
hills, behind which the sun was setting, stretched
for miles and miles across the flat, tawny, benchland. This particular stretch of the road was
hard and clean, and conversation was possible.
The chief decided to take advantage of this
and question Carlton concerning his sudden
change of heart. He rode up beside the boy and
asked him in his brusque manner just what the
matter was, and why the work was performed in
such a half-hearted way.
"Tell me the truth," he said, "are you tired
of your work? Are you sick?"
"Yes," said Carlton, "I am sick. Homesick.
This infernal hell-hole of a desert has gotten on
my nerves. I dread the sight of it every morning. I hate it in its every aspect. It isn't the
work, sir," he hastened to defend himself, "it
isn't the work, I assure you. I would like the
work as much as ever were it not for this country. Why, sir, sometimes when I wake up at
night, and there isn't even a cricket chirping,
often not even a breath of air, nothing but that
fearful, ghastly silence, I feel as if the whole
universe was resting its infinite weight on me.
It's awful. I guess— I guess— I am afraid
that I will have to go home: it hurts me more
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than I can tell. I crave civilization; I need to be
near people and things—and," he said, bitterly,
"such fool people never make engineers."
The man deemed it best to say nothing, and
so, for a while, they rode on in silence. Then
the boy spoke again:
"I don't think," he said, "that any one can
realize • what this work means to me. I don't
believe that there is a another man south of the
Tehachapi that loves the West any more than
I do. I want to do something for that West.
When this work is completed, when the great
ditch is carrying the water into the country—
when that time comes that Southern California
would deteriorate and waste away were it not for
the aqueduct, then I would like to feel that I had
done my share—and I had hopes when I came
that it would be no small share—toward making
the whole a success. I had hopes that one day I
should be able to say,'That project is better done
than if I had not been there to help.' It has all
come to naught, though. A lot of foolish, empty,
idle dreams, and then a dreamer's fall. I am
afraid I am not man enough to work on an enterprise of this magnitude."
"Pretty bad, pretty bad. Better try it a little
longer. Live your present self down. Don't go
without considering carefully. It'll be hard to
get back. Not that I wouldn't take you, but I'm
afraid that you would be ashamed to come—
afraid to come. I like your work; I like you.
We get along first rate together. You'd better
cut out dreaming about home and your girl—I
suppose it's your girl, too, and take a little mental
science course on formulas and dry facts. That'll
cure, if anything will."
"No, I'd better go now—soon—tomorrow, or
the day after. I've tried everything, everything.
What I want is people and noise instead of sagebrush and silence; streets and buildings instead
of bench-lands and buttes. If there is nothing
that demands attention, if you can spare me, I
will go the day after to-morrow on the stage."
"I guess that I can spare you, but don't go
unless you feel that you have to."
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They rode on in silence until they reached
camp. It was a most inhospitable-looking place,
this camp of Coyote Holes. A few dirty tents,
a few wagons loaded with scrapers and the like,
a few unsavory smells of "grub" cooking in the
musty "kitchen "—this was all that the most complete inventory of the camp could show. Carlton
thought it small wonder, as he took stock of these
things for the thousandth time, that he should
despise the place. It didn't look quite so bad,
however, now that he was going to leave it. He
wondered how home would seem after this life.
That night, when Carlton woke up, cramped
from his uncomfortable position, the desert did
not seem so deathly still as it had; he was content
to listen to the measured breathing of the chief
sleeping next to him on the ground. He turned
over in that direction and opened his eyes. Silhouetted against the white canvas "tarp" that
covered the chief's bed was something black and
swaying. Carlton could not discern what it was.
At that moment the chief gave a little sigh and
started to turn over. The black and swaying
thing gave a sharp and warning rattle, much like
the frying of a heavy fat. The chief was rolling
right onto the snake. And then—
There was no use to cry out. Carlton threw
out both hands and grabbed the snake and flung
it as far from him as he could. But not before
the serpent had bitten him on the wrist. The
boy gave a sharp cry of pain that woke the chief.
"What's the matter with you? crying because
you're going home?"
"A rattler's bitten me on the arm ; he got me
good."
"A rattler ?" The chief was up in an instant.
He roused the other sleeping figures, ordered
them to build up the fire; kicked one man in
passing who said that the fire didn't need building; ran to the kitchen and was back in an instant
carrying his emergency doctor's kit. He slipped
a tourniquet over and under the two little punctures just above the wrist, cut deeply around
the wound with a scalpel, and then sucked it out
for a minute or two; then tightened the tourni-

quets until they almost cut into the flesh. Several
hypodermics of potassium permanganate were
injected into the wound. The boy swallowed a
pint of burning whisky and was put to bed.
"I guess he got me for keeps," said the boy.
"Nonsense," the chief retorted, but he
thought it very grave. He had never made a
study of anatomy, and he only knew that the
radial artery was very near to the surface of the
wrist. But he did not know that it was only a
superficial bite delivered without force while the
snake was uncoiled, nor did he know that the
fleshy part of the wrist to the inside of the artery
contained only small blood vessels.
Frequent injections of the permanganate in
order to neutralize the poison were resorted to,
and the boy drank enough whisky to kill a well
person. He was very quiet. He was not frightened. He did not believe that he could be "killed
so easy," as he expressed it. The chief watched
him carefully all night, and, although the arm
swelled to half again its normal size, it was
evident by morning that Carlton was practically
out of all danger.
They carried him to one of the tents when
the sun came up, and there he lay, half propped
up with blankets, and looked out through the
tent flaps, and thought. When the chief came in
a short time later, he noticed a whimsical smile
on the boy's face.
"We can't send you home to-morrow," he
said ; "you'd hardly be strong enough; but by
the end of the week I think you could stand the
trip. Sorry you are to be disappointed, but 'Fate
was agin' you.'"
"No," said Carlton, "fate was for me. This
snake business showed things up in their true
light. I'm not going home. Do you think that
after this damned desert tried, to scare me out,
and then when it found that it could scare me,
tried to kill me off besides—do you think that
after that I'd go home? Not much. I'm going
to stay and show the old desert that men can
conquer it. All the old feelings have gone. I'm
going to stay. I'm going to see all those dreams
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come true. I wish I could do some work now, of the present Senior Class.) To reduce this
obnoxious debt to a minimum is the goal the '1
right now."
But the man only looked at the boy and Modulus Committee is striving after, and we are
confident that this is not simply a "pipe dream,"
smiled.
provided the entire student-body shows the proper
"I think we'll let you stay," he said.
spirit.
PAUL ELM..
It is an erroneous idea to imagine that The
Modulus is merely a class publication; it is specifically a school publication, and shall have as its
THE MODULUS DANCES.
aim to record everything of interest to all students which is characteristic of Poly life. This
With a view toward making the Modulus being the case, the committee does not hesitate
dances more successful from a financial as well to enlist the sympathies and support of all the
as an artistic standpoint, it might be time and students.
effort well spent to remind the student-body that
Now, fellows, if you know that as yet you
every Polyite stands, to a certain extent, tinder have failed to contribute your support—especially
obligation to give these dances his loyal support. matcrial—don't think it is too late; you will still
In the past few years little general interest have ample opportunity to help matters along,
has been manifested in these social functions, and and at the same time the committee will guarconsequently the resulting income in dollars and antee that you will get value received for your
cents has generally been so small that it was investment.
found necessary to discontinue the dances.
The present series of AIodulus dances will
It is a well-understood fact that the publish- be continued immediately after the Lenten seaing of The Modulus involves a considerable ex- son, dates soon to be announced by the business
penditure of money, so great a one, in fact, that manager.
it has been customary for every member of the
Let's wake up, fellows, and make these school
Junior Class, publishing the biennial, to consider dances the social events of the season.
himself so many dollars "in the hole" at the very
Here's hoping that we will see you at the next
outset. (For information apply to any member light fantastic at the Phoenix Club.
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The Rose Poly basketball team has just finished a very successful season, having won seven
out of the twelve games on the schedule. State
Normal and Earlham were both taken into camp
for two games and Hanover and Franklin for
one each. An even split was the result with
DePauw, and Wabash took off two victories, and
Purdue and Indiana one each. The losses to
Wabash and Purdue were expected by the rooters, but the loss of the second game to DePauw
was a big surprise, and they can hardly see how
it resulted that way, since the "Methodists" had
already been trimmed by Poly here early in the
season by an overwhelming score. The game
with Indiana was regarded as a victory before
the contest, but Captain Hadley took sick right
before this game, and the "Hoosiers" took the
team by surprise and slipped one over.
During the season Rose scored 392 points to
their opponents' 351, which might be considered
a pretty good record for a team without the
services of a coach. This was the great drawback to the team all season, and I believe that had
the men had a coach, as the rest of the college
teams in the State, the final result would have
been much different. The men were forced to
get out every evening and practice under Captain
Hadley, who knew the game well enough, but
he was not in a position to devote much of his
time to the training of the team.
As a result of the games this winter, Rose
stands tied with DePauw for secondary State
championship. The "Methodists" claimed this
honor after the loss of the game by Poly to them
at Greencastle late in the season, but they failed

to take into account the result of the other game
earlier in the winter. Poly then challenged them
to a game to be played on some neutral floor to
decide the controversy, but as yet the "Methodists" have failed to answer the defi. Rose men
are very anxious to see the game settled, as they
think that if the teams come together the result
of the game would give Poly an undisputed claim
to the championship.
• Offutt, Wente, Hoffner and Standau won
their "Rs" for the first time this season, while
Webster, Hadley and Curry got them for the
third time. These seven men make up the personnel of the team for the entire season. Markley and Nicholson played a part of the season at
forward near the start. Of all of these men,
Curry is the only one to graduate this June, so
this leaves a very good bunch from which to
choose next year's 'varsity.
Right now basketball has left the limelight
and baseball and track are occupying it. Coach
Ferguson, of the nine, is giving the candidates
hard workouts four and five times a week, and
declares that Rose will have one of the best
college nines in the State this spring.
Track athletics have been given a good start
by the number of men that have shown up for
instructions, and Captain Standau says that if a
coach is secured for the boys, a championship
team will result. "Dick" Smith, who was so
effective in the discus, hurdles, high jump and
sprints last year, will probably only be seen in
the discus this year, as he is not able to do much
with runs and jumps on account of a broken foot
received in football last fall. "Tuly" Shaw, who
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won his "R" last year in the sprints, is in excellent form now, and ought to give a good ac• count of himself in the meets. Other members
of last year's squad, combined with many Freshmen who look good, are out for the team, and
very soon outdoor practice will start in earnest.
Manager Tyler is busy fixing up a schedule
• for the thinly-clad warriors which will keep them
busy all spring. Of course, the State meet at
Earlham will be taken in, and a dual meet has
been scheduled with Purdue at Lafayette for
May 1st. A dual meet with Kentucky State and
a triangular contest with Normal and Milliken
here are planned.

goals: Lambert 7, Walter 4, Hoffner 9. Referee,
Dr. Guedel, of Indianapolis. Time of halves,
twenty minutes.

LINE-UP.

eree, Dr. Guedel, of Indianapolis. Scorer, Brennan. Timer, Hathaway. Time of halves, twenty
minutes.

Hanover, 3o; Rose, 56.

Hanover proved easy money for us, and when
the smoke rolled away we had only put 26 goals
in the basket from the field. Hoffner was the
boy with the goods that night, for he slipped over
ten of these. His opponent, Nowlin, proved the
best for the visitors, with seven to his credit.
The game was played under Y. M. C. A. rules,
to which our boys were unaccustomed, or the disparity in the score might have been much greater.
This much can be said for Franklin, that,
Wabash, 51 ; Rose, ig.
although they were beaten at every point, they
Wabash took us into camp for the second never gave up, and fought hard until the last.
time this season on their own floor at Crawfords- They were simply outclassed, and could not play
ville, February 8th, to the tune of 51 to 19. Our against a team so much better than they were.
boys, although outclassed, fought hard from the Nicholson got into this game for the first time
first, and won the applause of the rooters on ac- this season, and put up a good article of ball
count of the plucky battle which they put up. while he was playing. The score •
Hoffner proved excellent on the foul line by
LINE-UP.
caging nine out of twelve chances. Wente led
Rose.
Position.
Hanover.
in the field goal proposition for us, with four to
Wente
his credit. Hadley was out of the game on ac- Miles
count of sickness, and this undoubtedly weakened \rcher, Montgomery..F....Nicholson, Webster
Hoffner
the team to a considerable degree. Lambert was Nowlin
Hadley,
Offutt
Curry,
G
Mann
Wabash,
as
he
the bright star for
repeated his
Standau
McDill
trick, which was first performed in the game
here, of tossing seven from the field. During
Summary.—Field goals: Hoffner To, Nowlin
the second half we held them to an even score, 7, Nicholson 5, Webster 5,. Wente 4, Hadley 2,
and only showed what we are, adepts at the last- Miles 2, Archer, McDill. Foul goals: Hoffner
ditch style of play. The score:
2, McDill 6. Points': Rose 2, Hanover 2. Ref-

IVabash.
Lambert
Walter
Bowman, Oneal
Yount, Glasscock
Stump

Position.

G

Rose.
Wente
Webster
Hoffner
Standau
Curry

Summary.—Field goals: Lambert 7, Walter
Bowman
6, Yount 3, Wente 4, Webste.r. Foul
4,

Purdue, 34; Rose, ig.
This result with Purdue was expected, and,
indeed, the rooters were surprised that the score
was not more in their favor than it was. We
were simply up against a better team, but it can
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not be said that the boys did not put up a scrappy
It seems to be a settled fact that the members
game all through the contest. They never gave of the Earlham College.basketball team were not
up, and were fighting just as hard when the final born basketball men, and they will never achieve
whistle blew as when the game started. Hadley baketball fame, but they had some thrust upon
outplayed the much-touted Lewis all through the them when Rose Poly filled the deep bucket so
game, and slipped up and caged three goals while full of Polytechnic apostrophes that it ran over
he held the "Boilermaker" to two. Bowman and some of the dope spilt on the Earlham
played the best game for Purdue, with four field aggregation.
and fourteen foul goals to his credit. Hoffner
Earlhani tried, yes, and she tried, but it was
was outjumped by the tall Charters, but after the just like trying to cross the alkali plains of Arijump he stuck to his man like glue and prevented zona to turn the trick, and Earlham took a diabthe largest goal getter on the Purdue team from olo turn to the pit of the lost secondary chammaking more than two goals.
pionship. The score was 51 to 37.
The "Quakers" had one chance. That was
Much spirit was displayed by both sides of
rooters, as Purdue sent down a goodly number when the first whistle sounded. After that the
Their paper, in writing up the game, spoke in the moving-picture film showed a series of rotary
highest terms of the treatment received here. motions, with the Rose stamp on each of them,
and that little song about "That's What the Rose
Keep it up, boys; it sure pays.
Said to Me" was the opening and closing hymn.
LINE-UP.
Some day when dreams come true Earlham may
Position.
Rose.
Purdue.
be able to win the secondary championship, but
F
Webster, Nicholson not now—no, not now, she doesn't want to, that
Lewis
Wente is, she does not hope to.
Bowman
Hoffner
Charters
The game was hard fought, but the score
G
Hadley doesn't show it. Secondary championship was
Westover
G
Standau written way across the sky for Earlham, and that
Knox
was what did the work. They wanted it, and
Summary.—Purdue—Field goals: Lewis 2,
they got it just the way Gans whipped Nelson.
Bowman 4, Charters 2, Westover and Knox.
Here it is:
Foul goals: Bowman 14, missed 3. Fouls, i 1.
LINE-UP.
Rose—Field goals: Webster 3, Hadley 3. Foul
Position.
Rose.
Earlham.
goals: Hoffner 7, missed 4. Fouls, 17. Referee,
F
Wente
Guedel.
Timers, Hathaway and Stewart. Reissee
F
Scorers, Brennan and Woods. Time, 20-20. At- Conrad
Webster
C
Swaim, White
Hoffner
tendance, 600.
Hancock
G
Standau
Hotchkiss, Tebbetts,
Earlham, 37; Rose, 51,
Cornell
G
Hadley
For this game we can think of nothing that
expresses Earlham's chagrin at losing the game
so much as their own story of it. The game was
easily ours all the way through, so does not need
much comment, but the line of talk handed out
by the Earlham dopester proves better than a
real story of the contest, as follows:

Summary.—Goals from field: Webster 6,
Wente 2, Hoffner 4, Hadley 4, Reisse 4, Hotchkiss 4, Conrad 2, Swaim 2, White 4, Hancock.
Goals from foul: Hoffner 14, Hadley, Tebbetts
3, Conrad 2. Referee, Guedel, Indianapolis.
Timekeeper, Offutt. Scorers, Beebe, Rockwood.
Time of halves, twenty minutes.
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DePauw, 34; Rose,

20.
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Hadley, Standau. Foul goals: Crick 3, Hoffner 6.

We sure had one handed to us for fair on
February 23, when we journeyed to Greencastle
full of hope, thinking of the preceding game with
Earlham, 33; Rose, 47.
the "Methodists," and thinking how easy this
This was the last game of the season, and the
game would be. But we had another think comboys kept up their reputation by beating the
ing, for they came off with the long end of the
"Quakers" all according to Hoyle. The first half
count. We held the lead at the end of the first
was all ours; but in the second session we laid
half, but in the next session the DePauw players
down, and the visitors topped us by two points.
got some kind of a streak into them and threw
Webster came within one of Wente's record in
the ball in the basket from nearly every angle
this game by caging eleven goals from the field.
without even looking to see where the basket was
He played one of the best floor games that has
located. Our men were not in the best possible
been seen here all season. "Spot" was only in the
shape for the game, but all of the rooters were
game during the last half, but then he slipped up
expecting a victory, and when the result came
from guard and landed four through the rim.
over the wires it sure caused some surprise.
Hotchkiss and Rees did all of the scoring for
After the game the DePauw rooters began yelling
Earlham. Each had seven field goals, and the
about secondary State championship, but Rockformer put it in five times from the foul line.
wood called their bluff by challenging them for
The score:
the rubber to be played on a neutral floor. So far
•
LINE-UP.
they have not replied, and it looks as if they
Rose.
Position.
Earlham.
never would, so we think that we have the best
Wente
Hotchkiss
claim to the title at stake.
Webster
F
Rees
LINE-UP.
Hoffner
C
White
Position.
DePatitv.
Rose.
Offutt, Hadley
G
Hancock
Standau
Crick
F
G
Wente Cornell, Furnas
F
Ell
Webster
Summary.—Field goals: Webster ii, HotchHelderman
C
Hoffner kiss 7, Rees 7, Hadley 4, Wente 3, Hoffner 3,
Hardin
G
Hadley Offutt. Foul goals: Hoffner 3, Hotchkiss 5.
Grady
G
Standau Referee, Dr. Guedel, of Indianapolis. Scorer,
Summary.—Field goals: Ell 6, Crick 6, Hol- Brennan. Timers, Hathaway and Jones. Time
derman 2, Grady, Wente 2, Webster, Hoffner 2, of halves, twenty minutes.
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Tilley—Doctor, I want something for my
head.
The M.D.—My dear fellow, I wouldn't take
it for a gift.
Hoffner (greatly wrought up by The Calculus)-0h, thunder, why didn't Sir Isaac have
enough sense to die before he stirred up all
this muss!
A mooted question in physical lab.: "Why is
a string, and how long?"

There was a young fellow named Sid,
Who kissed a girl on the eyelid;
Said the girl to the lad,
"Your aim's very bad;
You should practice a bit."—So he did.
—Ex.

Bridget (calling up back stairs)—The gas
stove has gone out, mum.
Mrs.—Well, light it.
Bridget—It went out through the roof, mum.
—Ex.
Knippy (to Larsen, who had asked a question)—Would you mind repeating your question,
Mr. Larsen; I don't know what you are driving at.
Larsen—Neither do I, professor!

A certain Polyite staggered up to a man who
chanced to be another Rose student one evening,
and mumbled: "Shay, mister, do you know
lives?"
where
"Why, you are
yourself!"
"Damn it! I know that, but where does he
live ?"—Exchange.
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Davidson (after being cruelly rejected)—
Gadzooks, mademoiselle, if you will not accept
my offer, at least help me on my feet!

Newhart (to his neighbor)—Say, what on
earth has personal contact got to do with electricity.
Offutt—Well, you see, dad gets fearfully
shocked every time I get into personal contact
with his pocketbook.

Shaw (provoked at finding his seat occupied)
—Say, what kind of a game is this?
Jojo—Come to order, Mr. Shaw. If you
want to know what kind of a game this is, go
down to the river bank and find out.
Smith (aside)—What do you suppose Jo
means?
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in its infancy at Rose, it is no doubt destined to
be one of the most powerful—due to the manner
and zeal with which the present active members
go after new victories. However, Freshmen, beware—we wouldn't advise you to try it, unless
you have been away from home at least two
years.
Quite matchless were her brown iii,
She talks with utmost eee,
And when I tell her she is yyy,
She says I am a ttt ;
But when her pencil I would Hun,
Her little hand I ccc,
Quick from her cheeks the blushes oo oo oo,
—Ex.
And her anger I must a ppp.

Did you ever hear any of these remarks:
"I'd like to see you in my office."
"Now, be quiet, boys."
Back.—Say, professor, suppose you take a
"Please answer to your names."
triangle of four angles—
"Now, if you were twenty dollars in debt"—
"Well, I got this when I was in school and
made a hundred, too."
"Same one?"
Hath. (explaining his system of marking
threw that coal?"
"Who
"As").
boys, don't work too 'ard."
"Now,
Struck—Say, professor, you're out of my
"Suppose we had a perfectly frictionless
class; let's hear how you mark "Ds" and "Es."
table."
"Well, I say if you integrate that you'll get
McBride—Say, Kelley, did you vote for this."
"Keep off that table."
Bryan?
"Is there any one who don't understand
Kelley—You're mighty right I did.
McBride—Well, I've seen them all now. I this?"
met the other two on the train yesterday.—Ex.

NOTICE.

Doc. Bennett—I'm going to quit talking.
Every time I open my mouth, I get my foot in it.

Owing to the fact that spring is rapidly approaching, cut rates are to be offered as a special
inducement to those desirous of affiliating themselves with that organization known as the
"P. H. C." Although this organization is yet

Prof.—If you fellows don't get these irregular verbs down pat, you might as well quit.
Fresh.—Let's quit.
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Scandalized Rural Citizen—Jabez, what in
tarnation be yar trying to do?
His Son—It's that thar correspondence
school, dad. I got a letter from the Sophomores
yestiddy tellin' me to haze miself.—Ex.

Optimist—Pleasant weather overhead.
Pessimist—Ya-as, trouble is, so few going
that way.—Ex.

It is said that Bennett likes to tell the following story: One night two neighbors were coming
home together, when one said to the other:
Shaw (with a remark).
"'Course we know we're (hic) perfec'ly sober,
Jojo—Yes-s-s. I thought it was about time but wife might ask
questions, so you jus' let me
for Mr. Shaw to say something.
go ahead a little and see if I don't walk straight."
After a few minutes of observation the second
replied: "'Course you're walking straight, but
Roland says theirs is only a Platonic friend- who's that with you?"
ship, but we want to know why she's taking
cooking lessons.
When in doubt—don't crib.
Rehm (in French)—Does "me" ever mean
"it?"
Prof.—Not ordinarily.

Uhl—I have a friend who can shovel coal
faster than any one I ever saw.
Heer—Where does he work?
Uhl—He's dead now.

Mary had a little dog,
Its name, she said, was Queen;
It strayed into a civil camp,
And ne'er again was seen.

Webert—Doctor White, our supply of potassium ferrocyanide seems to be very nearly exhausted.
Doc. White—Huh?

Prof.—Mr. Myers, can you tell us anything
about the physical properties of water?
"Blondie"—I know everything 'cept how it
tastes.

Little grains of sawdust.
Little strips of wood,
Chemically treated,
Make our breakfast food.—Ex.

AN ERR-ATIC EQUATION.

Let X=An international marriage,
H=A frayed European noble,
E=A fortune,
L=An ancestral castle,
N=An affinity of the noble's,
Y=An American heiress,
Z=A divorce court,
To find the value of X in the equation,
H+6N—(E-1--2L)4-(Y+E)
X=
Z cancels(Y-I-E), and the cancellation of E
eliminates 6N, and we have
X=H—(E-F2L) or H—(E-FL-FL).
Clearing this, we have
X, an international inarriage=H—E—L--L,
which has been demonstrated a sufficient number
of times to make it an axiom.—Edmund Franklin
Moberly (Ex.).
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Some knocker unkindly observed that the
National Flower was a lemon.

He who fights and dies in fame,
Wins the land's attention.
But he who fights and runs away,
Lives to draw a pension.
—Ex.
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Prof. — "E'loingue-toi" — Mr. Grosvenor,
please translate that.
"Beany"—Go get a hoop, and roll away.

"I hear Jones has married again."
"Yes, confound him! He's cost. me three
wedding presents and two wreaths already."—Ex.
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Test of Run-of-mine Coal and Coal Briquets. of smoke produced. The briquets used in this
series of tests were of a form requiring considA bulletin on the comparative tests of run- erable bunker capacity for their storage, but as
of-mine coal and coal briquets on locomotives the form of the briquet in a detail quite within
and on torpedo boats has just been issued by the control, this objection need not apply to the use
technologic branch of the U. S. Geological Sur- of briquets in actual service. * * *
vey. The author of the bulletin, W. F. M. Goss,
The binding material in all the briquets was
consulting engineer of briquet tests, gives the water-gas pitch. This material was furnished at
results of the tests in the following:
the briquet plant of the U. S. Geological Survey,
1. The briquets made on the Government's in St. Louis, at nine dollars per ton, or forty-five
machines have well withstood exposure to the cents per pound. The least amount of binding
weather, and have suffered but little deterioration material that would make perfect briquets was
from handling.
found to be 5 per cent. of the weight of the coal.
2. In all classes of service involved by the The cost of the binder in one ton of the 5 per
experiments, the use of briquets in place of nat- cent. briquets was, therefore, forty-five cents.
ural coal appears to have increased the evapoThe cost of the briquet process, including all
ration efficiency of the boilers tested.
charges, is estimated to be about one dollar per
3. The smoke produced has in no case been ton of briquets; that is, the briquet process added
more intense with briquets than with coal; on the approximately one dollar per ton to the cost of
contrary, in most tests the smoke is said to have the coal. The briquets were made, however, in
been less when briquets were used.
an experimental plant, and the price is for this
4. The use of briquets increases the facility reason probably not so low as if they had been
with which an even fire over the whole area of made on a much larger scale.—Power and the
the grate may be maintained.
Engineer.
5. In locomotive service the substitution of
briquets for coal has resulted in a marked inGraphite as a Lubricant for Gas-Engine
crease of efficiency, in an increase in boiler capacCylinders.
ity, and in A decrease in the production of smoke.
It'has been especially noted that careful firing of
briquets at terminals is effective in diminishing
the amount of smoke produced.
6. In torpedo-boat service the substitution
of briquets for coal improves the evaporative
efficiency of the boiler. It does not appear to
have affected, favorably or otherwise, the amount

Becoming interested in the above subject, and
having access to a new 6-horse-power horizontal
engine, using city gas for fuel, I determined to
make some experiments. Finding it impossible to
mix graphite and oil and feed it through the ordinary lubricator, the experiments were confined
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to feeding the dry graphite through the air intake
and continuing the use of oil through the lubricator. At first about an ounce of graphite was
fed through the air intake at short intervals, but
after each charge the engine would show increased internal friction; however, it would soon
pick up and appear to run smoother than before.
The quantity of graphite was reduced, and it was
soon found that the best results were obtained
when the engine was not given more graphite
than could be consumed in the cylinder, or about
one-twelfth to one-eighth ounce per horse power
in a ten-hour run. This amount should not be
fed all at once, but distributed as evenly as possible throughout the ten hours.
The experimenting extended over a period of
four months, and during that time the engine was
given some severe tests. The spark plug was
always in good condition and never missed fire,
or became carbonized or short circuited. The
cylinder and valves were frequently examined;
the latter were in fine condition, and the cylinder
did not show a sign of a scratch, but had that
smooth, dull appearance which indicates the absence of friction. Unfortunately, it was impossible to determine the amount of fuel saved by
the use of graphite, as the engine was under a
constantly varying load.
Desiring to know what others thought of
graphite as a cylinder lubricant, I wrote to fortyfive prominent gas engine manufacturers, asking
if they recommended its use in their engine cylinders. The majority of replies stated that the
writers had none, or very little, experience, and
declined to express an opinion. The answers
containing advice were interesting, but rather
conflicting, and no information could be gained
from a reply like this:.
"It is not customary with us to use graphite
in the engine cylinder, although we sometimes
use a little."
The following is a little more explicit:
"The great trouble with graphite is to apply
it properly, so as not to plug the rings and make
them stick. If properly applied, however, graph-
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ite is indeed an ideal method of lubrication, but,
of course, must be used with oil."
A prominent firm making high-grade auto
engines writes:
"We would recommend the use of graphite
once in a while in your crank case. Same will
do no harm. It has a tendency to close the pores
of your cylinder and polish same up so as to increase compression. It is a good thing."
A large marine gasoline motor manufacturer
also says:
"Smear the cylinder walls with it. Once a
month is often enough to do this. Of course, in
addition the regular amount of oil should be fed
through the multiple oiler. Graphite will help
to retain good compression." * * *—W. N.
DURANT, in Power and the Engineer.

Steel Belts.
At Charlottenburg 146 h. p. are transmitted
by means of a belt, io millimeters (.39 ins.) in
width and 5 millimeters (.185 ins.) thick, running at a speed of 61.5 meters a second, equal to
12,103 feet per minute, with a tension of 200
kilograms (44o pounds). On the same shaft in
another place is a Too-millimeter (3.94 ins.) steel
belt replacing a 600-millimeter (23.6 ins.) leather
one, both carrying 250 h. p.—Power and the
Engineer.
The o,000,000-pound Testing Machine of the
United States Geological Survey.
A short description of the io,000-000-pound
testing machine which is now under construction
by Tinius, Olsen & Co., Philadelphia, for the
Structural Materials Testing Laboratories of the
United States Geological Survey, was given in
the Engineering Record of August 8, 1908.
Additional data have now been given out by permission of the Director of the Survey, through
Mr. Richard L. Humphrey, engineer in charge
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of the laboratories. The machine was primarily
acquired for the purpose of studying the effects
of flaws and defects of various kinds of large
blocks of natural stone, data on which were requested by the Supervising Architect of the
Treasury Department. In order to care for a
further request of the Supervising Architect for
data relative to the strength of columns of brick,
concrete and structural steel, the original clearance between heads was increased from 25 to 65
feet. * * *
The machine is a large hydraulic press, with
one adjustable head, and a weighing system for
recording the loads developed in it by means of a
triple-plunger pump. It has a maximum clearance between heads of 65 feet; the clearance
between the screws is a trifle over 6 feet, and the
heads are 6 feet square. The extreme height
above foundation is 8o feet, and the gross weight
over 200 tons.
The machine consists of a base containing
the main cylinder with a sectional area of 2,000
square inches, upon which rests the lower platform or head, which is provided with a ball-andsocket bearing. The upper head is adjustable
through four vertical screws, 13-12 inches in
diameter and 72 feet 2 inches long, by means
of gearing operating four nuts with ball bearings.
The shafting operating this mechanism is connected with a variable-speed motor, which
operates the triple-plunger pump which suppli
es
the pressure to the main cylinder.
The weighing device consists of a set of
standard Olsen levers upon which is weighed
1-8o of the total load on the main cylinder. This
reduction is effected through the medium of a
piston and diaphragm. The main cylinder has a
diameter of 50 inches, and the smaller a diameter

of 59-16 inches. The weighing beam is balanced
by an automatically operated poise weight, and
is provided with a device for applying successive
counterweights of i,000,000 pounds each. Each
division on the dial is equivalent to roo pound
loads; small subdivisions are possible by means
of an additional needle beam.
The power is applied by means of a 15-horsepower 220-volt variable-speed motor operating a
triple-plunger pump. The gearing operating the
upper head is driven by the same motor. * * *
The size of the machine may be judged from
the weights of its principal parts. The castings
for the base and the top head weigh approximately 5o,000 pounds each, each main screw over
40,000 pounds, the lower platform about 25,000
pounds, and the main cylinder 16,00o pounds.
The top of the machine will be about 70 feet
above the floor.—Engineering Record.
Self-starting Device for Alternating-current
Motors.
The Cutler-Hammer Manufacturing Company, Milwaukee, Wis., has brought out a very
complete line of devices for starting alternatingcurrent motors without danger of injury to the
motors or otherwise interfering with the operation of the circuit. They are so arranged that
all the necessary operations are performed automatically, and include five types of starters for
single or multiphase motors of various kinds.
In addition to these they have a line of
float
switches for automatically throwing in and out
alternating motors connected with pumps
when
the liquid in the tank reaches a predet
ermined
level.—Ainerican Machinist.
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SPECTACLES

T.
j

M. BIGWOOD
3eweler anb Optician

Properly Fitted
by First-Class Optician

607 Wabash Avenue, Terre Haute, Ind.

WM. SCHONEFELD'S

pilartitaru
Drugs, Toilet Articles, Stationery,
Cigars, Tobaccos, Candies,
Rose School supplies.

Special Attention given to
Fine Watch Repairing

Headquarters for
POLY FOBS, PINS, etc.

Northern Cafe
SPECIAL ORDERS
MEALS,LUNCHES
AND

FRESH OYSTERS

Corner Seventh Street and Big Four Railroad

Opp. Big Four Station.

TERRE HAUTE, IND.

COLUMBIAN

SMITH & WILLIAMS

LAUNDRY CO.

We want the men from Tech,
The men from every year,
To know we do your laundry work right,
And want you to send your work here.

Ask BAREUTHER,'10

1112, 1114 Wabash Ave.

.1•1.1.1.111.-.11.-••••

L. D. SMITH

John G. Heinl & Son

Dealer in Sporting Goods
and Athletic Supplies

florists

News Dealer, Stationer and Bookseller
ALL THE LATEST COPYRIGHTED NOVELS
ON SALE AS SOON AS PUBLISHED

673 WABASH AVENUE

DON'T

I

FAIL

129 South Seventh Street
TERRE HAUTE, IND.

We
We sell the

to come to us when you want a real swell Suit or Overcoat.
have the swellest line for this season ever shown.

celebrated Walhover Shoe, $3.50 and $4.00, and the Hanark fine Shoe for men,
5,50 and $6.00. Everything new in HATS, NECKWEAR and GENTS' FURNISHING GOODS

TUNE BROS.
CASH CLOTHIERS, HATTERS and GENTS' FURNISHERS
Fifth and Wabash ,fivenue
Always mention THE TECHNIC when writing to our advertisers. It may help us.
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REMEMBER
1 When you are called upon to reduce the product-handling cost for your firm,
your better judgment 'i1l suggest LIFTING MAGNETS.
If It will then be up to you to select the best, the most dependable, and the most
suitable magnet to perform the required duty.
11 Our large experience as pioneers in their manufacture, and our willingness to
serve you in solving your problems, are at your disposal.
1- Our standard line of magnets consists of three types,which we make up in seventeen different sizes. We also make special magnets for handling special shapes.
You will be interested in our new No. 6 Type S=A Magnet
Send for Bulletin

The Electric
Controller and Mfg. Co.
CLEVELAND, 0

Always mention THE TECHNIC when writing to our advertisers. It may help us.
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Engravings
A. G. SPALDING & BROS.
The Largest Manufacturers in the World
of Official Athletic Supplies

Official
Implements
for all
Track and
Field Sports

Foot Ball
Basket Ball Uniforms
all
Ice Skates for
Athletic
Sports
Hockey
Gymnasium
Golf
Apparatus

Spalding's handsomely illustrated catalogue of all
sports contains numerous suggestions.
Mailed free anywhere

A. G. SPALDING & BROS.
NEW YORK

FOR COLLEGE AND SCHOOL
PUBLICATIONS A SPECIALTY

Stafford Engraving
Company
ARTISTS, ENGRAVERS
ELECTROTYPERS

Century Building, Indianapolis
No contract too big for our large and
complete plant and none too small to
receive the most careful attention.
Specimens of our beautiful color work
free.

CHICAGO

•••11...M.11111......•11...11.4111....M....•••••-•••••••••••••

i
var•Iralivw.

Fashion Play Book
FREE

37 PUBLICATIONS MONTHLY

This book contains a series of
pictures, so arranged that each
sheet can be detached and used
as a poster—they are drawn
by a celebrated artist and
they certainly make swell den
pictures.

Monfort&Co

Our "Ad" does not appear on
the poster—we will be pleased
to hand you a set for the asking

CINCINNATI
Ty-pographors

Lee Goodman

WE PRINT THE TECHNIC

410 WABASH AVENUE
High

I

Grade Clothes — Fine Tailoring
Always mention THE TECHNIC when writing to our advertisers. It may help us.
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The House of Foulkes Bros.
Selling
Agents for
JNO. B.
STETSON,
KNOX, and
HEATH,
of London.
We sell the
greatest $3.00
soft and stiff
hat to be had.
None better.

College Caps In
every new and
natty design,

The House of Foulkes Bros.

FOR HIGH CLASS

Laundry
Cleaning
AND

Pressing
See our Poly Agent

HARRY

MOSBY

Hunter Laundering
and Dyeing Co...
PHONE S 257

631 WABASH AVENUE
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ENGINEERING szzo,
MAGAZINE

THE ENGINEERING MAGAZINE publishes the best original articles by the
highest authorities on all phases of curo
rent engineering progress.
Additional and exclusive features are:
i,
K a Review and Topical Index to the cur•
rent contents of nearly two hundred engineering and industrial journals; Current
Record of New Technical Books; Industrial News; latest Improved Machinery
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Drawing Inks
Eternal Writing Ink
•
Engrossing Ink
•
eA
Taurine Mucilage
Photo Mounter
Drawing-Board Paste
Liquid Paste
•
Office Paste
Vegetable Glue, etc.
Are the finest and best goods of their kind

and new Trade Literature.
Every number is a valuable reference
book for every engineer or student of engineering.
Ask for sample copy and descriptive cir-

14:maneipate yourself from the use of oorrosive and
Ill-smelling inks and adhesives, and adopt the

cular.

CHAS. M. HIGGINS & CO., Mfrs.
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140-142 Nassau St., New York
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